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Description 

PROCESS FOR PLANARIZING ARRAY TOP 
OXIDE IN VERTICAL MOSFET DRAM 

ARRAYS 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates generally to a method for 
fabricating semiconductor memory devices. More specifi- 
cally, the present invention relates to a process for pla- 
narizing the array top oxide (ATO) in vertical metal-ox- 
ide-semiconductor field-effect transistor (MOSFET) dy- 
namic random access memory (DRAM) arrays. 

[0003] 2. Description of the Prior Art 

[0004] Trench-capacitor DRAM devices are known in the art. 

Typically, a trench-storage capacitor consists of a very- 
high-aspect-ratio contact-style hole pattern etched into 
the substrate, a thin storage-node dielectric insulator, a 
doped low-pressure chemical vapor deposition (LPCVD) 


polysilicon fill, and buried-plate diffusion in the substrate. 
The doped LPCVD silicon fill and the buried plate serve as 
the electrodes of the capacitor. A dielectric isolation collar 
in the upper region of the trench prevents leakage of the 
signal charge from the storage-node diffusion to the 
buried-plate diffusion of the capacitor. DRAM cells using 
trench-storage capacitors are particularly well suited for 
the integration of vertical MOSFETs, since a portion of the 
wall of the trench above the storage capacitor is utilized 
for the channel, while the bitline wiring is formed above 
the surface of the silicon substrate. When a transistor is 
built along the walls of a trench, the channel length is de- 
coupled from the minimum lithographic feature size and 
the size of the memory cell. 
[0005] | n the present process for memory cell fabrication in ver- 
tical MOSFET DRAM arrays, removal of the etch stop ni- 
tride liner from the array results in thinning of the under- 
lying top oxide which is intended to provide insulation 
between the silicon substrate and the word lines to be 
formed subsequently. Thinning of the top oxide results in 
a higher than desired incidence of word line to substrate 
shorts and/or leakage. Furthermore, thinning of the top 
oxide may result in the formation of divots in the array 


gate conductor (GC) polysilicon in the top portion of the 
deep trench, due to gate stack overetch. Divots in the ar- 
ray GC polysilicon which are deeper than the bit line diffu- 
sion junction result in non-functional array MOSFETs due 
to gate underlap. 
[0006] a known process called ARC-RIE process is typically used 
to planarize array top oxide (ATO) at the stage after fin- 
ishing the substrate active area definition and insulations 
in the middle of fabrication of vertical transistor DRAM 
devices. In the ARC-RIE process, an anti-reflection coating 
(ARC) is first coated over the entire surface of the sub- 
strate having thereon a plurality of trench capacitors, ac- 
tive areas, and shallow trench isolations (STI). A reflow 
process is then carried out, followed by reactive ion etch- 
ing (RIE) to etch away a thickness of the ARC film. How- 
ever, one problem with the conventional ARC-RIE process 
is that the height difference at the transition region be- 
tween the support region and array region cannot be 
compensated by the ARC-RIE process, thereby generating 
ATO residue defects, which usually cause word line open. 
Moreover, the conventional ARC-RIE process cannot over- 
come poly/nitride stack corrosion during the stripping of 
pad nitride. This is because silicon nitride of the poly/ 


nitride stack has low resistance to buffer HF (BHF) etchant 
used to etch pad nitride in the support region, thus leads 
to poly string problems. 
[0007] | n V j ew 0 f the above discussion, it becomes apparent that 
there is a need for an improved planarization process at 
the stage after finishing the substrate active area defini- 
tion and insulations in the middle of fabrication of vertical 
transistor DRAM devices to solve the above-mentioned 

problems. 
Summary of Invention 

[0008] Accordingly, it is a primary objective of this invention to 
provide an improved method for fabricating a vertical 
transistor DRAM device, in which the array top oxide is 
planarized by CMP technique. 

[0009] Briefly summarized, the preferred embodiment of the 
present invention discloses a method for fabricating a 
vertical transistor DRAM device. A semiconductor sub- 
strate is provided. The semiconductor substrate com- 
prises a vertical transistor memory array region, a support 
region, and a transition region between the vertical tran- 
sistor memory array region and the support region. The 
vertical transistor memory array region comprises a plu- 
rality of vertical transistor memory cells and a plurality of 


array active areas. The support region comprises a plural- 
ity of support active areas isolated from each other by 
shallow trench isolation regions. A first pad oxide and a 
first pad nitride are formed on each of the array active ar- 
eas. A second pad oxide and second pad nitride are 
formed on each of the support active areas. A protective 
dielectric layer is deposited over the semiconductor sub- 
strate. An etch array (EA) photoresist layer is coated on 
the protective dielectric layer, so that the EA photoresist 
layer masks the support region and a portion of the tran- 
sition region. The protective dielectric layer is etched us- 
ing the EA photoresist layer as an etching mask to expose 
the first pad nitride in the vertical transistor memory array 
region. The EA photoresist layer is then stripped. Using 
the protective dielectric layer to protect the second pad 
nitride in the support region, the first pad nitride in the 
vertical transistor memory array region is removed to 
form recesses on the array active areas. Spacers are 
formed on walls of the recesses on the array active areas. 
A dielectric layer is thereafter deposited to cover the pro- 
tective dielectric layer on the support region, the vertical 
transistor memory array region, and the transition region, 
and the dielectric layer filling the recesses. A chemical 


mechanical polishing (CMP) process is then carried out to 
polish the dielectric layer and the protective layer on the 
support region using the second pad nitride as a polishing 
stop layer. A silicon layer is deposited over the semicon- 
ductor substrate. An etch support (ES) photoresist layer is 
coated on the silicon layer. The ES photoresist layer masks 
the vertical transistor memory array region and a portion 
of the transition region. The silicon layer is etched using 
the ES photoresist layer as a hard mask to define an array 
etch mask. The ES photoresist layer is then stripped. 
[0010] other objects, advantages, and novel features of the 

claimed invention will become more clearly and readily 
apparent from the following detailed description when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0011] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings: 

[0012] pig.l is a cross sectional view illustrating a semiconductor 
substrate after finishing active areas, shallow trench isola- 


tion regions, and after CMP planarization; 

[0013] pig. 2 is a cross sectional view illustrating the semiconduc- 
tor substrate after depositing thereon a protective dielec- 
tric layer and a patterned etch array (EA) photoresist layer; 

[0014] pig. 3 is a cross sectional view illustrating the semiconduc- 
tor substrate after exposing the pad nitride in the vertical 
MOSFET array region; 

[0015] Fig. 4 is a cross sectional view illustrating the semiconduc- 
tor substrate after removing the pad nitride and pad oxide 
in the vertical MOSFET array region and the EA photore- 
sist; 

[0016] Fig. 5 is a cross sectional view illustrating the semiconduc- 
tor substrate after the formation of spacers; 

[0017] Fig. 6 is a cross sectional view illustrating the semiconduc- 
tor substrate after the deposition of HDPCVD layer; 

[0018] Fig. 7 is a cross sectional view illustrating the semiconduc- 
tor substrate after CMP planarization and planar surface at 
transition region; 

[0019] Fig. 8 is a cross sectional view illustrating the semiconduc- 
tor substrate after the formation of silicon array etch 
mask; 

[0020] Fig. 9 is a cross sectional view illustrating the semiconduc- 
tor substrate after the removal of ES photoresist and re- 


moval of pad nitride and pad oxide in the support region; 
and 

[0021] Fig. 10 is a cross sectional view illustrating the semicon- 
ductor substrate after the definition of gate lines in the 

support region. 
Detailed Description 

[0022] The preferred embodiment in accordance with the present 
invention will be discussed in detail with reference to Fig.l 
to Fig. 10. It is understood that the type of semiconductor 
regions, device layout, and polarity of voltages are chosen 
solely for illustration, and persons having ordinary skill in 
the art would recognize other alternatives, variations, and 
modifications. 

[0023] please refer to Fig.l to Fig. 10. Fig.l to Fig. 10 are sectional 
schematic diagrams illustrating a method for making a 
vertical transistor DRAM device according to the present 
invention. Fig.l is a cross sectional view illustrating a 
semiconductor substrate 10 after finishing active areas 11 
and 21, shallow trench isolation (STI) regions 12, 22, and 
32, and after CMP planarization. After CMP process, the 
semiconductor substrate 10 has a substantially planar 
topology. The main surface of the planar semiconductor 
substrate 10 comprises a vertical MOSFET array region 1, 


a support region 2, and a transition region 3 between the 
vertical MOSFET array region 1 and the support region 2. 
A plurality of vertical transistor memory cells 31 and a 
plurality of active areas 11 are disposed in the vertical 
MOSFET array region 1. As indicated, the vertical transis- 
tor memory cell 31 is isolated from the active area 11 with 
STI region 12. A plurality of active areas 21, which are 
isolated from each other with STI regions 22, are disposed 
in the support region 2. On each of the active areas 11, 
there is a pad oxide 14 and a pad nitride 15, and on each 
of the active areas 21, there is a pad oxide 24 and pad ni- 
tride 25. The structure of the vertical transistor memory 
cell 31 is known in the art. The vertical transistor memory 
cell 31 comprises a storage node 33, trench top oxide 
(TTO) 34, and polysilicon gate 35 of the vertical transistor, 
wherein the TT034 is used to isolate the storage node 33 
from the polysilicon gate 35. 
[0024] pig. 2 is a cross sectional view illustrating the semiconduc- 
tor substrate 10 after depositing thereon a protective di- 
electric layer 42 and a patterned etch array (EA) photore- 
sist layer 52. In accordance with the preferred embodi- 
ment of the present invention, the protective dielectric 
layer 42 is made by using a conventional high-density 


plasma chemical vapor deposition (HDPCVD) process. 
Preferably, the protective dielectric layer 42 has a thick- 
ness of 500~1000 angstroms, more preferably, 750 
angstroms. Optionally, before depositing the protective 
dielectric layer 42, an HFEG (hydrofluoric ethylene glycol) 
may be used to etch away 50-200 angstroms, preferably 
100 angstroms of pad nitride 25. This promotes the per- 
formance of the subsequent CMP process. The HDP pro- 
tective layer 42 is used to protect the pad nitride 25 in the 
support region 2 from hot phosphoric acid solution that is 
used to remove the pad nitride 15 in the vertical MOSFET 
array region 1. As shown in Fig. 2, the patterned EA pho- 
toresist layer 52, which is coated on the protective dielec- 
tric layer 42, masks the support region 2 and a portion of 
the transition region 3. 
[0025] As shown in Fig. 3, using the EA photoresist layer 52 as an 
etching mask, an etching process such as an isotropic wet 
etching is carried out to etch the protective dielectric layer 
42, thereby exposing the pad nitride 15 in the vertical 
MOSFET array region 1. Thereafter, optionally, buffered 
hydrofluoric acid (BHF) is used to deglaze the open verti- 
cal MOSFET array region 1 for cleaning up oxide residuals 
or the like. 


[0026] As shown in Fig. 4, the EA photoresist layer 52 is stripped. 
The pad nitride 15 in the open vertical MOSFET array re- 
gion 1 is removed by hot phosphoric acid to form re- 
cesses 44, while the pad nitride 25 in the support region 2 
is protected by the protective dielectric layer 42. After re- 
moving the pad nitride 15, the pad oxide 14 in the open 
vertical MOSFET array region 1 is removed using tech- 
niques known in the art. A new pad oxide 14" is then 
formed. 

[0027] As shown in Fig. 5, spacers 45 are formed on walls of the 
recesses 44. Preferably, the spacers 45 are silicon nitride 
spacers. To form the spacers 45, a 350-angstrom thick 
silicon nitride layer (not shown) is deposited on the sur- 
face of the semiconductor substrate 10. The silicon nitride 
layer covers sidewalls and bottom of the recesses 44. 
Then, an anisotropic etching is performed to etch the sili- 
con nitride layer. 

[0028] As shown in Fig. 6, a HDPCVD process is carried out to de- 
posit a HDPCVD layer 46 over the surface of the semicon- 
ductor substrate 10. The HDPCVD layer 46 covers the ver- 
tical MOSFET array region 1, the protective dielectric layer 
42 on the support region 2, and the transition region 3, 
and fills the recesses 44. 


[0029] As shown in Fig. 7, a chemical mechanical polishing (CMP) 
process is implemented to polish the HDPCVD layer 46 
and the protective dielectric layer 42 using the pad nitride 
25 as polishing stop layer, thereby exposing the polysili- 
con gate 35 of the vertical transistor memory cell 31 
within the transition region 3. 

[0030] As shown in Fig. 8, a silicon layer (not shown) is then de- 
posited over the semiconductor substrate 10. The silicon 
layer may be a polysilicon layer or an amorphous silicon 
layer. As indicated, a patterned etch support (ES) photore- 
sist layer 54 is coated on the silicon layer to mask the ver- 
tical MOSFET array region 1 and a portion of the transition 
region 3. Then, using the patterned ES photoresist layer 
54 as an etching mask, an etching process is carried out 
to etch the silicon layer so as to define an array etch mask 
48. The ES photoresist layer 54 is then stripped. 

[0031] As shown in Fig. 9, using the array etch mask 48 to protect 
the vertical MOSFET array region 1, the pad nitride 25 and 
pad oxide 24 in the support region 2 are sequentially re- 
moved. The removal of the pad nitride 25 and pad oxide 
24 may be completed by technique known in the art. For 
example, the pad nitride 25 may be removed by hot phos- 
phoric acid. The pad oxide 24 may be removed by diluted 


hydrofluoric acid. Optionally, before removing the pad ni- 
tride 25, 40:1 (water/HF in volumetric ratio) BHF solution 
is used to deglaze the surface of the semiconductor sub- 
strate 10 for cleaning oxide residuals in the support re- 
gion 2. After removing the pad oxide 24. a thermal oxida- 
tion process is performed to form a sacrificial oxide layer 
24" on the active areas 21 within the support region 2. 
According to the preferred embodiment of the present in- 
vention, after going through so many chemical cleaning 
steps, the trench isolation structure of the support region 
2 might be eroded and seams or cracks (not shown) may 
be formed between the trench isolation structure 22 and 
the active areas 21. To eliminate such defects, after re- 
moval of the pad oxide 24, a silicon nitride re-fill process 
can be performed. As shown in Fig. 10, the array etch 
mask 48 is then removed. Gate line pattern 62 is formed 
in the support region 2. 
[0032] jo sum UPj t he present invention provides a process for 
planarizing array top oxide (ATO) in vertical MOSFET 
DRAM arrays. In contrast to the prior art ARC-RIE pla- 
narization method for EA/ES (etch array/etch support) 
module, the present invention takes advantage of chemi- 
cal mechanical polishing (CMP) technique to overcome 


residue problems that used to occur at the transition re- 
gion 3 or array edge. 
[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the present invention 
method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 


